dyHOAaMeHTa/IbHble OCHOBbI HAaYKU O
AaHHbIX U NCKYCCTBEHHOMO UHTEN/IEKTA

Kadgeapa teopeTrnyecKor HUHPOPMATUKHU




KoHuennusa npenogaBaHnud ocHOB MU

e B HacTos1ee BpeMs MUP JIOCTUT IOBOPOTHOTO
MOMEHTAa B pa3BUTUU METO 0B U CPEACTB
MCKyCCTBeHHOro nHrtesiekra (MN), korapa
CO3/laBaeMble TEXHOJIOTHUH Mepelid U3 006J1acTU
TEOPHUHU U HAYKHU B «peaJIbHbI MUP», T.€. CTAJH

AOCTYIIHBI IIPAKTHUYE€CKH BCEM OTPAC/IAM
JKOHOMMHKHM.

* JTOT CABMT SIBJISI€TCS BeCbMa 3P PEKTHUBHBIM, HO, B
TO 7K€ BpeMsl, HEIIPOCThIM, IIOCKOJIbKY COYETAET B

cebe CJI0XKHOCTU TpuMeHeHUus UM co caoXkHOCTIMU
OpraHW3aliU YeJIOBeYeCKOU JiesITeJIbHOCTH.




KoHuennusa npenogaBaHud ocHOB MU

OcHoBa 3HaHuA: «Hayka o JaHHBIX» — HayKa O
npeACTaBJIEeHUU JAHHbIX, UX XpaHEHUH, llepejlaye U
aHa/iM3e, KaK KOHLeNTyaJbHOU OCHOBE MOJiesler
YKU3HEHHbIX [IPOLEeCCOB.

[les1b 3HAHUA: OCMbIC/IEHUE U NIPe/iCTaBJeHUE KU3HEHHBIX
[POILIECCOB B HAYyYHOU, UPPOBOU GOpMeE,
OPUEHTHUPOBAHHOUW HA JaJIbHEUIINU aHAJIU3 U YIIPaBJIEHUE
poleccaMy, Kak B IPUPOAHBIX, TAK U B CO3JaHHBIX JIIOJbMU
CUCTeMax pa3BUTBIMU cpeacTBamMu UNA.

3aja4va 3HAHUA: YCIIElIHOe pelleHWe pa3JIMYHbIX 3aa4
4yeJIOBEYEeCKOU JIeATeJIbHOCTU MeTOlaMH U CpeJiICTBAMU
MCKYCCTBEHHOTO MHTEJIJIEKTA, 0a3UPYIOIIMMHUCS Ha
NOCTHKeHUsIX «Hayku o JaHHbIX» KaKk Ha GyHJaMeHTaJlbHOM
OCHOBE.

HocuTesiu 3HAHUA: yYeHbIEe 110 JaHHbIM, CIIEL[UAJIMCThI B
ooJiactu UMU.




O4eHb KpaTKad UCTOPUA «HAYKH O
naHHbIx» (Data Science)
- Sllll]ll] Eﬂﬂlﬂﬂﬂflﬂﬂ described kbt l tools

m::mly d a l ai alcu"y pmlecs see altemalie OPGN lude"ls
effo « WOrKIng also collaborations atlnd
UII[[IULla§H|st[at|vec . SBlion I]mjrgsgla ' Esﬂlﬁf SUDI]["I
B[]ll[:ﬂlll]ﬂ uw h d nunant mcuhalm : fonaf
) ﬂﬂ‘““””"“" BUD\E amElV;][!llga o ” ge y
ol OHLAT [Esea[c .

campus ~ wie
|
o anls MF I IIE"::]BE]M';Z[I|E|EB;;IEEﬂwmnm&ntsSﬂﬂwgfglueﬂnlnlgnﬁes[ o Ilg:lan a[:llwlles DIUIESSI]I
. cuursessuuineus;{dugns Hagsip - effnography eopter Dmg[am IﬂStIllllE

wshingion Steering appencix d nelfods computer

e PO O work fnded

S0Cial gy
et i il i 91838 mel"cs finding

careey wivesiy 06 = DUGgE! B[IVI[UI]IHBI][ melhndnluﬁy




/
1962 John W. Tukey writes in “The Future

of Data Analysis”

e «Data analysis, and the parts of statistics which
adhere to it, must...take on the characteristics of
science rather than those of mathematics... data

analysis is intrinsically an empirical science»

B 1947 roay ThloKM IpUAyMaJ TEPMHUH «OUT», KOTOPbIU
Kuon [lleHHOH ncnoJsib30BaJl B cBoeH cTtaThbe 1948 roaga
«MaTteMmaTu4decKkasd TeOpuUsa KOMMYHHUKALUN».

B 1965 roay B ctatbe ¢ ] W Cooley, ony6/JIMKOBaHHOU B
Mathematics of Computation, Tbr0OKM BBEJI aJITOPUTM
O6bICTpOro npeobpasoBaHus Pypee.




1974 Peter Naur onybJinkoBan Kpamkuii A

00630p KOMNbLHMEPHbIX MeM0od08
(Concise Survey of Computer Methods)

e «/laTasorus, HayKa 0 JJAHHBIX U 00 UX 00pabOTKe,
U €€ MeCTO B 00pa3oBaHUH»

e Hayp nipepJsiaraet cienyroliee onpejiejieHHe HAayKU
0 JaHHbIX: «Hayka nMeHHO 06 06paboTKe
[10JIY4YeHHBbIX JIJaHHBIX, B TO BpeMs KaK UX
MHTepHpeTalus JeJerupoBaHa JpyruM 006J1acTaM
3HAHUsS U HayKaM» (“The science of dealing with data,
once they have been established, while the relation of the data

what they represent is delegated to other fields

. »
sciences’).
* ALGOL 58 / 60 / 68,

» @®opma bakyca — Haypa (<onpegesisieMbli1 CHAMBOJI> ::=
<nocs.1> | <moca.2> | ... | <mocu.n>).




O4eHb KpaTKad UCTOPUA «HAYKH O
naHHbIx» (Data Science)

1977 The International Association for Statistical Computing (IASC)
is established as a Section of the ISI (Institute for Scientific
Information).

1989 Gregory Piatetsky-Shapiro organizes and chairs the first
Knowledge Discovery in Databases (KDD) workshop.

1994 BusinessWeek publishes a cover story on “Database
Marketing”

1996 Members of the International Federation of Classification
Societies (IFCS) meet in Kobe, Japan, for their conference “Data
science, classification, and related methods”.

1996 Usama Fayyad, Gregory Piatetsky-Shapiro, and Padhraic
Smyth publish “From Data Mining to Knowledge
Discovery in Databases.”

0 2002 Launch of Data Science Journal -
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[HudpoBas apa (digital era) npeBpaijaercs
B 3py MHTeJlJIeKTa (intelligence era)

i)l o &

Mainframe & PCs Client Server & Internet Cloud, Mobile, & Big Data
1960s — 1980s 1990s — 2000s 2000s — 2010s 2010s — 2020s
ENABLING TECHNOLOGIES . . .

Transistors & silicon Widespread PC adoption Mobile & smartphone Machine learning &
revolution Broadband Internet ubiquity Artificial Intelligence
Large scale mainframe ERP and business Cloud computing loT & distributed
computing adoption process technologies Social networks computing
Emergence of PCs Big Data Blockchain

Plant floor automation

CUSTOMER VALUE CREATION
Industrial Business Process Digital Intelligent
Automation Automation Transformation Enterprise




Intelligence era: poct 06’beMa HHOPMALUHU

OBSERVATIONS S

of the coming
decodes

By 2020,

it's estimated that
1.7MB 10
of data will be created
every second
for every person In2020 5028 of doto
will be cregled
on earth 1 021
G?g?'o‘su!or.mq The digital universe todoy:
cor wil grsy):;eﬂﬁ .I 02 4
10
Gigodyte 'I 018
10°
12
]06 ] 0 1 bilon mﬂes
TeroByte - EA Gomes The Square Kiometre Array Telescope wil produce around | EB per day

MegoByte generole 50 terctyte of date doily

CorsiacHO UccJel0BaHUSM, YeJI0BEYECKUN MO3T MOXKET
XpaHUTb OKOJIO 2,5 meTabauT JlaHHBbIX.
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Intelligence era:

spa 3eTTabauT (zettabyte)

® O/IMH 3eTTA0AWUT = OAUH TPUJIJINOH TUTA0AUT

200
W Data creation and replication 181

mnstatted-baseof storage caparity {2019-2025) o

,,_.
{n
=
",

compeound annual growth r;lt/g/
CAGR: 23% _~
-

P
100 -

50

0_---—llllll.

2010 2011 2012 2013 2014 2015 2016 2007 2018 2019 2020 2021 2022 2023 2024 2025
(source: IDC Global DataSphere and StorageSphere Forecasts, Mar.2021)

e B2020 200y 66110 c030aHO Uuau penauyuposaHo 64,2 35 daHHbIX, YUMo
Nn0380./1U/10 NPOMUBOCMOSIMb 0A8./1€eHUI0, 8bI38AHHOMY haHdemuell Covid-19,
80 MHO2UX OMPAC/ASX, U €20 8/1UsiHUe 6ydem owyuamusCsi 8 me4eHue
HECKOJIbKUX J1em»

e CorsiacHO nepeCMOTPEHHOW MOJieJIU, CpeJHEr0/IOBOM TEMII pOCTa CO3JaHUs
Y pelIMKaLuy rJ100anbHbIX JAHHBIX COCTAaBUT 23% B TeyeHHe
K nporuo3upyemoro nepuoga 2020-2025 rogos. /

Global data volume [ZB]
"




e

Intelligence era:
CTaTUCTUKA 00J1bIIUX AaHHBIX 3a 2020 roa

* 90% Bcex JaHHBIX ObLJIO CO3/AHO 3a MOCJeHUE Ba
roja;

e B Google exxeiTHEBHO BhINIOJIHAETCA 60Jiee 3,5
MUWJIJIMAPA0B 3alIPOCOB (3TO 03HavaeT 1,2 TpUJIJIMOHA
3arpocoB B rof U 6oJiee 40 000 MOUCKOBBIX 3alIPOCOB B

CEKYHAY) ;
e noJsib3oBaTesid WhatsApp exxelHEeBHO 0OMeHHBAIOTCS
NPUOJIM3UTEJbHO 65 MUJJIMApAaMU COOOIIEHUH ;

°* HHTEPHET-M0JIb30BaTEeJU FTEHEPUPYIOT OKOJIO 2,5
KBUHTHUJIJIMOHOB 0aUTOB AaHHBIX (0.0025 3eTTabamnT)
KaXXbIH 1€Hb;

e 80-90% aHHBIX, KOTOpPbIE Mbl TEHEPUPYEM CETrOJiHS, HE
CTPYKTYPUPOBAHBI.




Jpa 3eTTabauT (zettabyte)

* «06'beM MPPOBLIX JAHHBIX, CO3JJAHHbIX B TEYEHUE
cJIeJYIOIIMX [ISITH JIET, 60Jiee YeM B JiBa pa3a IPEBBICUT
00'beM JJaHHBIX, CO3JaHHbIX C MOMEHTA MOSABJIEHHUS
U POBBIX XPAHUJIHUILLLY.

May 2022 - Market Forecast - Doc # US49051122

Worldwide Global StorageSphere Forecast, 2022-2026: An
Installed Base of|Z9ZB of Storage Capacity in 202I|Came at a
Cost of $370 Billion — Is It Enough?

By: John Rydning

§=oc
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Intelligence era:

MPpoBas TpaHCPOpMal U

- lluppoBad TpaHcpopmMalusd — 3TO IpoIiecC
MHTEerpanuu HUPPOBbIX TEXHOJOTHUU BO BCE
acCIleKThbl OM3HeC-eATeJbHOCTH, TPEOYIOI U
BHECEHUS KOPEHHbIX UBMEHEHUM B TEXHOJIOTHUH,
KyJbTYPY, OllepallMy U IPUHIMIIbI CO3JaHUS
HOBBIX IIPOJAYKTOB U YCJYT.




Intelligence era:
MPpoBasd SKOHOMHKA

IMPABUTE/ILCTBO POCCHMCKOHN ®EJIEPAIINA
PACIIOPAXEHIHE

or 28 mrona 2017 r. Ne 1632-p

MOCKBA

VTBepaHTh IpHIaraeMyr  mnporpammy  "[udgpoBad  3KOHOMHEKA
Poccuiickoil @enepanau’.




[HluppoBasg SKOHOMUKA U OOJIbIIHE JAHHbIE

e B nociegHue rogbl B MUPOBOM COOOIIECTBE O OOJIBIINX
Habopax JaHHbIX CJ0KUJIOCH IIpeACTaBJIeHHE KaK O
HaboOpax JaHHbIX, XapaKTePU3YIOIUXCA CIeAYIOIUMU
OCHOBHBIMU OCOOEHHOCTSIMU:

e 00beMOM (Volume);

* CKOpOCTbI0 00HOBJeHUs (Velocity);

° pasHoOOpa3veM U HeO4HOPOAHOCTLIO (Variety);
e nIpo6JieMaMH C JOCTOBEpPHOCTLIO (Veracity);

°* CTOMMOCTbIO 00paboTku (Value);

* M3MeH4YHBOCTbIO (Variability);

* IOTPEOHOCThIO B BU3yasin3anuu (Visualization).




e

3V (Gartner 2001):
Velocity (ckopocTb OOHOBJIEHHS ),
Variety (pasHoo6pa3ve ¥ HeOJHOPOJHOCTh)
Volume (06bem)

v




4V (IBM 2012):

Velocity, Variety and Volume +
Veracity (40CTOBEpPHOCTD)

The Era of Big Data Demands Confidence

EERETEETE
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eoeveee . . '

eeceecee
Data at Scale Data in Many Forms Data in Motion Data Uncertainty

Terabytesto Structured, unstructured, tex| | Analysis of streaming data Managing the reliability and
petabytes of data 1, mulimedia to enable decisions within predictability of inherently
fractions of a second. imprecise data types.
1BM Smarter Business 2013 \ %




5V:
Velocity, Variety, Volume and Veracity +
Value (cToumMocTh)

More V's - even the definition has expanded

Gartner: 2001 IBM: 2012




7V:
Velocity, Variety, Volume, Veracity and Value +
Variability (M3MeH4YHBOCTH)
Visualization (Bu3yanusanys JaHHbBIX)

vqume

\‘

visualization==== velocity~
et =

T — value _—
— | ——

—variabilityeeaae variety

veracity




e

V'S

7V:

Velocity, Variety, Volume, Veracity and Value +

Variability-(MsmenwuBocrs) Vision (BuseHue)

Visualization (Bu3syanusanus JaHHbIX)

FOR BIG DATA A
SUCCESS

Volume Variety Velocity ()

Vision

® Vision — y KaxkJ01

KOMITaHWH, KOTOpas
Ha4yWHaAeT paboTaTs C Big
Data, 7O0JI2>KHO OBITh
BUJI€HUE, YTO C HUMU
JleJ1aTh.

KoMnaHus fo/kHa ObITh
roToBa K UPPOBLIM
npeobpa3oBaHusiM. Eciun
PYKOBOJCTBO He IIOUMET,
4YTO MOXKET NPeJJI0XKHUTh
Big Data, ycniex He OyzeT
BOOOIIIE.

Bunenue go0/1KkHO
COINPOBOXKAATHCS TAKXKE
M3MEeHEHUEM TEKYIHUX /
CTapbIX MMPOIECCOB.

/




-

«Hayka o JaHHBIX»

e PaccmaTpuBaeTCs KaK aKaJeMHu4decKas
NUCHUIIJIMHA, a ¢ HadyaJsia 2010-x rogos, BO
MHOI'OM OJiarogaps NOonyJaspu3aluu
KOHLIENIWU «O0JIbIIUX JAHHbIX», — U KaK
NpaKTU4YeCKass MexoTpacJ/ieBas cpepa
eaTeJIbHOCTH.

e CrienaJii3alus «y4€HOT0 0 JaHHbIM» /
«CIleLIMaJIKCTA [0 paboTe C [00JIbIIUMH]
naHHbIMU» (data scientist) cenyac cuvTaeTcs
OJHOH M3 CaMbIX IIPUBJIEKATEJ/IbHBIX,
BbICOKOOIIJIAYMBAaEMBbIX U IEPCIEKTUBHBIX
npodeCcCUum.

/




«Hayka o JaHHBIX»: TeMBI

¢ THIIBI JaHHBIX, CTPYKTYPbI AdHHbIX, MOAEJ/IN JdHHbIX;
¢ IipedcCTaBJIEHHE NdHHbIX, XPaHEHHUE U IIepeada JdHHDbIX;

¢ METOAbI KU aJITOPHUTMBbI HepBI/I‘-IHOf/’I O6pa6OTKI/I AadHHDIX, 0a3bl JAdHHDIX,
A3BIKHM MAHHUIIYJINPOBAHHUA IdHHBIMH;

¢ IIPOEKTHUPOBAHHE 06a3 AaHHBbIX, A3bIKH OIIpeAc/ICHUA JadHHDbIX,
HOPpMaJIbHbIE (1)0pr1 B IPOEKTHUPOBaAHHNH PEJIAIIMOHHDBIX 0a3 AdHHDIX;

°* CTPYKTYpPHUPOBaHHbIE U HECTPYKTYPHUPOBAHHbIE JAHHbIE, XPAaHUIUIIA
JIaHHBIX;

* aHaJiu3 00JIbIIKX (HECTPYKTYPUPOBAHHbBIX) HAOOPOB JIaHHBIX,
TEXHOJIOTUHU pacnapaJijieJIMBaHUsa 00pabOTKU U CKaTUS UHPOpMaLUY;

° MpPOJABHUHYTbIe TEXHUKU 06a3 AaHHBIX, In-Memory 6a3bl JaHHBIX KaK
TEeXHOJIOTUYecKas MmaaTdopMma JiJisi 06paboTKH 00JIbIIMX HAOOPOB
JlaHHbIX;

e 06a3bl AaHHbIX NoSQL Kak Hab0p TeXHOJOTMYeCKUX J1aTPOpPM AJis
06pabOTKM O0JIbIIUX HAOOPOB JIAaHHBIX;




«Hayka o JaHHBIX»: TeMBI

3a/la4YM UHTEJJIEKTYaJIbHOTO aHaJIu3a 00JIbIINX HAOOPOB JAaHHbBIX U
po6JieMbl O0OJIBIIUX 0O'bEMOB U Pa3MEPHOCTEN;

BEPOATHOCTHbBIE ME€TOAbI IIEPBUYHOI'O C:KATHUA NIdHHBIX, XCIIUPOBAHHUE U
CTaTHUCTHUYECKHE OLLEHKU,

3a/ila4a OOHapYXeHUs CX0XKUX JIOKYMEHTOB, IpeJJjiaraeMble MeTOAbI U
aJICOPUTMBI, IPUMEHEHUE TEXHOJIOTUHM pacnapaJ/ijieJ;IMBaHrusl 00pabOTKY;

MeTpUYecKHe MPOCTPAHCTBA, KJacTepHble METO/bl B CHUXKEHUH
pPa3sMepHOCTH 3a/1a4y;

peKoMeH/jaTeJibHble CUCTEMbI, MAaTPUYHOE NMpe/iCTaBJIeHHE JJaHHbIX,
aJITOPUTMBbI JINHEHHOM aared6phl U UX UCIOJAb30BaHUE B CHUKEHUH
pPa3MepPHOCTH 3a/1a4y;

“BceMupHad naytuHa  (WWW), MeToabl cOopa JaHHBIX U IEPBUYHOTO
aHaJ/In3a;

CTPYKTYypa “BCEMHUPHOU NMAayTUHBbI U €€ UCII0JIb30BAHUE B 3aJa4ax
pPaHXMPOBaHUS UHPOPMaILIWH;

HHTEJIJIGKTyaJIbeIﬁ dHaJIN3 I/IH(l)OpMaLlI/IOHHbIX IIponeccosB.




«Hayka 0 JaHHbIX»: OCHOBHbIE Hay4YHO-
MHXXeHEepHbIe HallpaBJIeHUA

e bousbliie HA6OpHbI AaHHBIX. COOp U 06pabOTKa 6OJBIIUX
00'beMOB JIaHHBbIX;

e AHaJin3 JaHHbIX. [locTpoeHUe cpeCTB NOAEPKKU
NPUHATHS PELIEeHUH;

e Hayka o faHHBbIX. Pa3paboTKa U UCII0JIb30BaHUE
CTAaTUCTUYECKHUX U MaTeEMaTHUYECKHUX MO/JieJIeH, aJITOPUTMOB
U BU3yaJIM3alluy;

e NHTe/JIeKTya/JIbHBIM aHAJIW3 JaHHbIX. U3BJeYeHe HOBBIX
3HAHUUY;

e bH3Hec-aHAJUTHKA;

* JKOHOMETPUKA;

e CTaTUCTHKA;

e MallMHHOE 00y4YeHHUE;

e HMcKycCTBEHHBIN UHTEJIJIEKT;

e MaremaTtuyeckoe MOJeJIUpPOBaAHUE.




«Hayka 0 JaHHBIX»: OCHOBHbIE HAay4YHO-

MHXXeHEepHbIe HallpaBJIeHUA

e Knaccudpurkauys He BIOJIHE OTPaKaeT
0COOEHHOCTH MaTeMaTHU4Y€eCKOTI0 coAdepiKaHHUA

[IPUMEHSAEMbIX B pacCMaTPpUBaeMou chepe
METOJ0B ¥ aJICOPUTMOB;

e Ucnonb3yrTcsa PyHKIMOHAJIbHBIE ITOAXO0/bI.




e

«Hayka o JaHHBIX»:
00J1aCTH UCCIel0BaHUU

110 BEPTUKaJIbHOU OCU

OIIHhCaTeJIbHbIE - IIPEAINUCbIBAIOIIHUE;

110 TOPU30HTAJIBHOU OCH

JKCIIEPUMEHTAJIbHbIE - TEOPETUYCCKHE.

TepMUHBL:

“Big Data” - 6oJib11Me HaOOpbI JAHHBIX;

“Data Analysis/Analytics” -
aHaJ/Iu3/aHa/JIMTUKA IaHHbIX;

“Methods and Algorithms” - MmeTozbI U
aJITOPUTMBI;

“Data Mining” - MHTeJ/lJIEKTya/IbHbIN
aHaJIu3 JJaHHBIX;

“Machine Learning” - maminHHoe
00y4YeHHUE;

“Software Tools” - nporpamMMHbIe
Cpe/CTBa;

“Big Data Analytics” - aHasiMTHKa
00JIbIIMX HAOOPOB JJAHHBIX.

Prescriptive

Descriptive

The Fields of Data Science

E—
e
Machine
Learning
b - _‘I' Analy'ﬁQS - II
. . Methods |
B'g Data smmj‘ and
\ Todls / Algorithms
e Dahl Winers B
Experimental Theoretical
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«Hayka o JaHHBIX»: HABbIKU

The Fields of Data Science

Prescriptive

Descriptive

Experimental Theoretical

N /




«Hayka o JaHHbIX»: HABBIKHU

7 In-Demand Data Analyst Skills to Get You Hired
in 2023

Written by Coursera « Updated on Feb 28, 2023 coursera
e 1.SQL

e 2. Statistical programming languages, like R or
Python

e 3. Machine learning

e 4. Probability and statistics
e 5. Data management

e 6. Statistical visualization

e 7. Econometrics




e

«Hayka o JaHHBbIX»: HABBIKHU
SQL

e PeuTuHT Jobs opueHTHUpyeTCs Ha JaHHbIe ¢ cauTa BakaHcui IEEE u
CareerBuilder (https://spectrum.ieee.org/top-programming-languages-2022).

Python

.. 63.19
. 48.51

C++ 47.77

HTML 37.83

TypeSorpt
Scals
svet1. TR
puby N
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«Hayka o JaHHBIX»: HaBBIKU SQL

e [I[pocMoOTpeB COTHU BaKaHCUM, AaHAJIUTUKHU MMPHUILLJIH K
BBIBOAY, YTO JINZepCTBO SQL 3aK/I04aeTCqd He B TOM,
¢ 4YTO MHOI're pa60To,aneJm HIOYT MO/ibKO ITPpOrpaMMHUCTOB
SQL;
* KaK IpaBUJIo, paboTOJaTesIM HY>KHO 3HaHUEe KaKOr0-TO
omnpejieJIEHHOTO A3biKa emecme ¢ SQL.

>>

It may not be the most glamorous language...but some
experience with SQL is a valuable arrow to have in your
quiver.

e 3HaHUe SQL MoXkKeT cTaTh «04YeHb [IEHHOU CTPEJION B KOJYaHe»

/




e

«Hayka o JaHHBIX»: HaBbIKH e
Machine learning ‘

«3a nocsaedHee decsimusiemue caMblM 601bWUM COBUS0M 8
0610CMU UCKYCCMBEHH020 UHMeJ//1eKmda cmaJ nepexod K
2/1yb0KoMYy 06y4eHuro. A dymaro, BnoAHE B0O3MONCHO, YMO 8
amom decsimusjiemuu Cambli 6016UWOU CO8UZ Nnpou3olidem
8 cmopoHy UH, opueHmMuUpo8aHH020 HA AAHHbIE. Yuumbleds
3pe/10CMb Ce200HAUHUX ApXUMmMeKmyp HellpOHHbIX cemel, 51
dymaro, Ymo 0151 MHO2UX NPAKMUYECKUX NPUAOHCEHUU Y3KUM
Mecmom 6ydem mo, cCModxHceM AU Mbl 3(hGHEeKMuUBHO NOAYyYAMb
daHHble, He0b6x00uMble 015 pa3pabomku Xopouwo pabomarowux
cucmenm. /leudxcenue UH, opueHmupoeaHHoe Ha 0aHHbIe,
06./1a0aem 02pOMHOI 3Hep2uel U UMNY16COM 80 8CeM
coo6ujecmae. A Hadelocb, YUMo 60.1blUle Uccs1edosameell U

pa3paoomyuKkos8 npucoeduHsImcs u 6yoym pa6omams Had
amum.» © Andrew Ng, Al Minimalist DoI: 10.1109/MSPEC.2022.9754503 Y




«Hayka o JaHHBIX»: olIpeeJieHre

e Hayka o naHHbIX (data science/ datalogy) — pasgen
MHOOPMATHUKH, U3y4arOUU MPOOJIEMBI
aHaJ/Inu3a,
00pabOTKU U
npeaCcTaB/JeHU JaHHbIX B IUPPOBOU HopMeE.

e OO0 beAUHSAET

MeTO/bl 110 00PAabOTKeE JaHHBIX B YCJIOBUSX OO0JIbIINX
00’ bEMOB M BbICOKOT'0 YPOBHS NapaJ/ljieJIu3Ma,

CTATHUCTHUYECKHUE METOADLI,

METOAbI MHTEJIJIEKTYAaJIbHOI'O dHAJIM3ad IdHHbBIX U
IIPHUJIOKEHHUA HCKYCCTBEHHOI'O MHTEJIJIEKTA AJIA pa6OTbI C
AAdHHBIMHU, d TAKXe

METOAbI ITPOEKTHUPOBAHHUA U p33pa6OTKH 0as3 AadHHDbIX.




KoHnenuua npenogaBaHuda ocHoB U

e B HacTos1lee BpeMs IIPUHATA CleAyrias
KJacCUPUKaALMA CIELUaJuCTOB, padb0TaKIIHX B
o6siactu UH:

e YyeHnnble 1o gaHHbIM (Data Scientists /Al developers);

e UH>xeHepsnl 10 faHHbIM (Data Engineers);

e H>XeHepbI-nporpaMMUCThI (Software Engineers);

e CrleMaJJIMCThI 0 3KCIJIyaTalluu U Pa3BUTHUIO
(DevOps);

e CrenyaJIMCThI M0 KMbepobe3zonacHocTH (DevSecOps);

e MeHe/Kephl 110 YIIPaBJEHUIO pUCKaMU / ayIUTOPHI;

* ApXUTEKTOPbI JJAHHBIX.




CoBpeMeHHBbIU Data Scientist - aT0
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Y4ennie 1o ga”HHbIM (Data Scientists /Al
developers)

e CneLMaJIMCThbI 10 00pabOTKe JaHHbIX OObIYHO
BBICTYIIAIOT B POJIH JEUCTBYIOUIMX JUL] IIPH
pa3paboTke MU no ymosiyaHu10. BOJBIIMHCTBO
CIIeLMaJIMCTOB 110 JaHHbIM 3aHUMAIOTCH KaK pY4YHOU
aHAJIUTUKOU, TaK U aHAJIUTHUKOM HA ocHoBe UU, xoT4a
PS/Jl y4E€HBIX 10 JAaHHBIM IPEAIIOYUTAT
crieriasinsupoBarbcd Ha UM, Hanipumep,
KOHKpeTHbIE JUCLUILJIMHbI, TAKUE, KAK HEMPOHHbIE
CETH, 4aCTO TPEeOYIOT CHEeLMaJbHOIO OIIbITA.

e OIHOM N3 NPUYUH BOSHUKHOBEHHS TaKUX
CreMaJU3UPOBAHHBIX JOJ/IKHOCTEN, KAK MHXKEHEPHI
10 06pabOTKe JaHHbIX, COBETHHUKH 110
3TUKe/TIOJIMTHUKE U [P., ABJISETCS TO, YTO OHHM
I03BOJIIIOT YYEHBIM 110 JAHHBIM COCPel0Ta4YUBaAThCS
MMEHHO Ha pa3BUTHUU HOBBIX TEXHOJIOTHH.
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CoBpeMeHHbIM Data Scientist:

Habop

HAdBbIKOB

MODERN DATA SCIENTIST

Data Scientist, the sexiest job of 21th century requires a mixture of multidisciplinary skills ranging from an
intersection of mathematics, statistics, computer science, communication and business. Finding a data
scientist is hard. Finding people who understand who a data scientist is, is equally hard. So here is a little

MATH
& STATISTICS

Ye Machine leaming

v Statistical modeling
Experiment design
Bayesian inference

Supervised leaming: decision trees,

random forests, logistic regression

Unsupervised leamning: clustering,
dimensionality reduction

Optimization: gradient descent and
variants

DOMAIN KNOWLEDGE
& SOFT SKILLS

Passionate about the business
Curious about data

Influence without authority
Hacker mindset

Problem solver

Strategic, proactive, creative,
innovative and collaborative

cheat sheet on who the modern data scientist really is.

PROGRAMMING
& DATABASE

X XX

Computer science fundamentals
Scripting language e.g. Python
Statistical computing package e.g. R
Databases SQL and NoSOL
Relational algebra

Parallel databases and parallel query
processing

MapReduce concepts

Hadoop and Hive/Pig

Custom reducers

Experience with xaaS like AWS

COMMUNICATION
& VISUALIZATION

b

Able to engage with senior
management

Story telling skills

Translate data-driven insights into
decisions and actions

Visual art design
R packages like ggplot or lattice

Knowledge of any of visualization
tools e.g. Flare, D3 js, Tableau
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[IpenogaBanre ocHOB UM: yyeOHBbIEe MJIaHbI

e CC2005 - Computing Curricula

e SE2014 - Software Engineering
e CS2013 - Computer Science

e CE2016 - Computer Engineering

. Computing Competencies
® IT2017 - Informatlon TeChnOlOgy for Undergraduate

e CSEC2017 - Cybersecurity Data Science Curricula

ACM Data Science Task Force

e Data Science (2021)




e

[IpenogaBanue ocHoB UM nJ1a MaTeMaTHUKOB:
[10/1X0Abl, OCHOBAHHbIE HA

° OpUMEHTAaIlMM Ha QYHJAaMEHTAJIbHOCTb MOAX0a K
[IOCTPOEHUIO U UCII0JIb30BAHHI0 MaTEMAaTHUYECKHUX
TEOPHUHU, IOHATUH U MOJIEJIEN;

® CTPOrOU MaTeMaTUYEeCKOU IIOCTAaHOBKe 3a1a4
Hccael0BaHUs;

* pa3paboOTKe MeTO/I0B 1 aJICOPUTMOB UX pPellleHUs];

° MpUMEHEHHHU pa3pab0TaHHbIX aJITOPUTMOB B
pelleHrH 3a4a4 00pabOTKU U aHAJIM3a JaHHBIX.




[IpenogaBanue ocHoB U nJ1d MaTeMaTHUKOB:
Ky PChI

e 1. Moaesu AaHHBIX U 0a3bl JaHHbIX — FT'OJJOBOU:
e 1.1. Moaenu faHHBIX U OCHOBBI CUCTEM 0a3 TaHHBIX —
[10JIYTOZ0BOY;
e 1.2. ba3sl JaHHBIX. JIOTTIOJIHUTEJIbHbIE IJ1IaBbl —
noJsyrogoBou kypc EHC.

e 2. AHaJIUTUKA OOJIBILIUX JAaHHbIX — TOJOBOMU:

e 2.1. AHasiMuTHUKA 60JIbIIUX AaHHBIX. OCHOBHBIE
aJITOPUTMbI — IT0JIYTO/I0BOU;

e 2.2. AHa/sInTHKa 60JBIINX JaHHbIX. J/IONOJIHUTEJIbHbIE
[JIaBbl — ITOJIYTOZ0BOM.
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[IpenogaBanue ocHoB U 14 MaTeMaTHUKOB
Ky PCHI

e BKJIIOYAIOT B Ce04
* TEOPETHYECKYIO U
* IPAaKTUYECKYIO COCTABJIAIOIIHE;

* ABJIAIOTCA,
® C OJIHOW CTOPOHBI, B3BAMMO3aBUCHUMbIMH, a
® C Ipyrou — He TPeOYIT 0053aTeJIbHOTO
npeJBapUTEJbHOI0 U3YUYEeHHS COAEePKaHUS
OCTaJIbHBIX CIELKYPCOB M3 NpeAJiaraeMoro Habopa;
® OTPAXAIOT

® KaK y»Ke CTaBIlHe KJIAaCCUIECKUMHU MOJENN U
aJITOPUTMBI,

¢ TAK M COBpEMEHHDbIE B3IVIAAbl 1 IIOHATHA.
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[IpenosaBanue ocHOB N a4
MaTeMaTUKOB & JIMHEMHAas ajreopa

° CUHTYJISIpPHOe pa3JjoxeHue MaTpul (SVD);

* COOGCTBEHHOE pa3/ioKeHHe MaTpHUll, [JIaBHbIE
KOMIIOHEHTHI;

e LU-passioxxeHue MaTpull;

* QR-pasnoxeHue / pakTOpH3aL U MAaTPUII;

°* CUMMETpPHUYHbIE MATPUIIbI;

° OPTOrOHAJIM3alMA U OPTOHOPMAJIU3ALUS;

° MaTpPHUYHbIE OIlEPALIHH;

° MIPOEKIINY;

® COOCTBEHHbIE 3HAYEHUS U COOCTBEHHbIE BEKTOPHI;
* BEKTOpPHbIE IPOCTPAHCTBA ¥ HOPMBI.
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[IpenogaBanue ocHoB M /14 MaTeMaTHUKOB:
npakTUudeckas nogzaepkka (desktop RDBMS)

MOJIeJIMPOBAaHHEM JIaHHBIX B paMKaX KOHIENTYaJbHOU
MOJ€eJIM JaHHbIX «CYLIHOCTb-CBsI3b» (ER);

ITPOEKTHUPOBAHHUEM PEJIALIMOHHDBIX 6a3 JAdHHDBIX
(,Z[OMeHbI, Ta6HHHbI, I[TIEPBUYHbIC 1 BHEIIIHNUE KJ/IIOYH,
HMHAEKCBI, O'PAaHHUYE€HHUA EJIOCTHOCTHU U T.,Z[.);

neksapatuBHbIM (onepatop SELECT, INSERT, UPDATE,
DELETE) v uMniepaTHBHBIM (XpaHUMBIE MPOLEeAYPbHI)
OAXO04aMU K MAHUNYJIMPOBAHUIO JIAHHBIMHU C
IMOMOILBIO s13bIKa SQL;

arperupoBaHHbIMU 3anipocaMu (COUNT, SUM, MAX,
MIN, AVG, ROLLUP/CUBE/WINDOW clauses) u
MaTepUaJIU30BaAHHBIMHU ITPeACTABJIEHUAMU NAHHbBIX
(Materialized views).




[IpenogaBanue ocHoB U nJ1d MaTeMaTHUKOB:
npakTuyeckada nogaepkka (SAP HANA)

e Predictive Analysis Library/PAL
e kisactepusanus (Clustering);
e knaccupukanua (Classification);
e perpeccus (Regression);
e acconmanud (Association);
e BpeMeHHble pAAbl (Time Series);
e cTaTUCTHKa (Statistics);
e aHa/IM3 conraibHbIX ceTer (Social Network Analysis).

e Text mining

* QYHKIMMU PAaHXXHWPOBAHHUS TEPMUHOB (KJIKYEBBIX
CJIOB) U IOKYMEHTOB;

e kaTeropu3anuio (Categorization) JO0KyMeHTOB C
HCII0JIb30BaHHEM MeToJa K-0/mkanIllux coceei.
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[IpenogaBanue ocHoB U nJ1d MaTeMaTHUKOB:
npakThyeckada nogaep>kka (Python)

= [ |

-
) Anaconda Navigator

Eile

Help

{2 ANACONDA NAVIGATOR

A Home

. Enwvironments
- -

gl Learning

- Community

AFull Python IDE
directly from the

Documentation

Anaconda Blog

Yy o

Application50n| base (root) |v| Channels

iy
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CMD.exe Prompt Datalore

0.1.1
Run a crmd.exe terminal with your current
environment From MNavigator activated

anline Data Analysis Tool with smart
coding assistance by JetBrains. Edit and run
wour Python notebooks in the cloud and
share them with your team.

Launch Launch
] ]
. &
o
Jjupyter
4
JupyterLab Motebook
A 353 A s

Web-based, interactive computing
notebook envircnment. Edit and run
human-readable docs while describing the
daka analysis.

An extensible envircnment For interactive
and reproducible computing, based on the
Jupyter Notebook and Architecture.

IBM Watson Studio Cloud

IBM Watsen Studio Cloud provides you the
tools ko analyze and visualize daka, to
cleansze and shape data, to create and ktrain
machine learning models. Prepare data and
build models, using open source data
zcience tools or visual modeling.

Launch

*Td

-,
L

Powershell Prompk

0.0.1
Run a Powerzhell terminal with your
current envirenment from Mawigator
activated

Signin I

Refresh




[IpenogaBanue ocHoB U nJ1d MaTeMaTHUKOB:
npakThyeckada nogaep>kka (Python)

import numpy as np
from numpy import linalg as la

e NumPy - nakeT /i1 BEKTOPHOTO U MATPUYHOTO
YMHOXEHUS
e NumPy Tak»e nocrasJjigeTcd C p/10M BCTPOEHHBIX

poLEeAyp AJid pacieTOB JIMHEWHOM areopshl. Ux
MO>XHO HauTH B cyomoayJie linalg.

e SciPy - 3T0 Hay4YHas BbIYHUCJAUTEJbHAsA OUOJIMOTEKA
C OTKPbITBIM UCXOJHBIM KOJIOM JJIsI sI3bIKa
nporpaMMupoBaHus Python.




Hay4yHo-06pa3oBaTesibHad 1iKoJa «Mo3r, A
KOTHUTUBHbIE CUCTEMbI U HCKYCCTBEHHBIU
UHTEJIJIEKT»

Maexan Likonb! -

Moa3r, KOrHUTUBHbIE
CUCTEeMbl,
MCKYCCTBEHHbIN
MHTeNNeKT

MpuopuTeTHoe HanpaBneHue:
nepexopf K NnepefoBbiM LMGPOBLIM, WHTENNEKTYaNbHbIM NPOUN3BOLCTEEHHBIM TEXHONOMMAM, POGOTU3IVMPOBaHHbBIM

CUCTeMaM, HOBbIM MaTepuanam 1 cnocoGamM KOHCTPYWPOBaHWA, co3gaHne cucTemM oBpaboTHK GonblKMK 06bLeMOB JaHHbIX,
MalWWHHOro o6y4YeHWNA N MCHYCCTBEHHOMO MHTENNEKTa




Borpockhl
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-L Marematuku MY npeanoxun:

MOCKOBCKUH
rOCYOAPCTBEHHbIN
YHUBEPCUTET
WUMEHHU
M.B.JIOMOHOCOBA

MABHAS CTPAHHLUA
OBUHE CBEAEHKA
YYEBA
NOCTYNAIOLIUM

HAYYHO-
OBPA30BATENBHbIE
LKOnNbI

NPHOPUTETHLIE
HANPABNEHWA

PEWTUHI HAYYHO!
COTPY[IHUKA

KOHKYPCbI HHP

OUCCEPTALIMOHHDBIE
COBETbHI

NPEMWH W HATPAZIbI
KOHOEPEHLIAM

TEKYL{UE KOHKYPCb,
IPAHTbI, CTUNIEHMM

OBUWASA HHOOPMALIMA

MEBRIYHAPOHHO
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Hoeoctun ObuagneHun MNpecc-cnyxba Caitter MIY Apnpec: Kapra caura Momck

Mnaexan / Hayunan pa6ora / Mnaedeie Teme: | Matematuku MY

P KOHUenuuo OCHOE MCKYCCTEEHHOTO MHTennexTa

17102122

MaTtemaTtuku MI'Y npeanoXxunu KoHUenuuio
npenogaBaHUA OCHOB UCKYCCTBEHHOIO UHTEnNMeKTa

YyeHble MOCKOBCKOTO YHMBEPCUTETA NPEANOXMNKN 3BTOPCKYIO KOHLENLUMIO
NOCTPOEHUA 00PA30BATENLHLIX TPAEKTOPMI NPU NOATCTOBKE CNELManiCToR B
cdepe UCKYCCTBEHHOMO MHTENNEKTA. MccneaoBaHne BLINOMHEHO npu
nopaepxke MexaucUMnnuHapHoi HayuH0o-00paz0BaTensHOM Wwrons! MY
«MO3r, KOTHATUBHBIE CUCTEMBI, UCKYCCTBEHHLIR MHTENNEKT». KOHLENUUA

onucaHa B ¥ypHane «MHTennekTyanbHsle CUCTEMbI»

MWp AOCTHMF NOBOPOTHOO MOMEHTA B PA3BUTUM METOZOE M CPEACTs
MCKYCCTBEHHOTO MHTENNEKTa (MW), KOorga co3naBaeMble TeXHOMorum
nepeLuny U3 oBNacTi TEOPUN N HaYKK B «PearnbHLIi MUD», TO €CTb CTaNM
AOCTYNHbI NPAKTMYECKN ECEM OTPACNAM 3KOHOMUKM. STOT CABUM ABNAETCH

KO!

BeCbMa 3P hEeKTUBHBLIM, HO B TO e BPEMA HENPOCTLIM, NOCKONLKY COYeTaeT
B8 cebe CIOMHOCTY NMPUMEHEHNA MW CO CNOXHOCTAMM OPraHn3aLmMm YenoBeueckoil AeATENEHOCTH. CEroaHRA HW  KOr0 He Bhi3biBaeT
MHEHWIA, YTO YCNEXU B PA3BUTUM 3KOHOMMKN CTPAHSI, B OCODEHHOCTH B ee UMMPOBM3aLMN, B 04eHb GOMNbLUOH CTENEHM CBA3AHLI C

«YHHBEPCUTETAM HYXHO Pa3BUBATL HAyYHO-00P330BATENbHLIE NPOTPaMMEI, NO KOTOPbLIM CTYAEHTHI OyayT 00y4aTbCA BCEMY, YTO UM
HeoOX0aMMO ANA AanbHENLLEN YCNELHOM KapLepsl B BuIOPaHHON 00NacTu, a TaiKe yYacTeoBaTs B pa3padoTke peantHblx NPOSKToR
(Hanpumep, B CTYAEHUYECKNX KOHCTPYKTOPCKMX BIOPO)», — OTMETUN WNbA BYPLIKMH, HAYYHBIA COTPYAHWK Kacheaps! TEOPETUYECKOI
MHCDOPMATHKM MEXAHUKO-MaTeMaT4eCKoro darkynsreta MIry.

[e®nyuT YenoBeyecknx TaNnaHToB ABNAETCA Hanbonee 3aMeTHbIM geduuntom MM B CTPaHe 1 CTAHOBKTCA CaMbiM CEPLE3HEIM
NPENATCTBUEM ANA NPUOBPETEHNA, CO3A3HNR ¥ BHEAPEHUR TEXHONOIMIA Ha D33 UCKYCCTBEHHOTO MHTENNEKTA.

«}'
00pazoBaHue, Tak U CUCTEMY NMPUEMa W YAEDKaHUA BbICOKOKBANMMUUMPOBAHHSIX KAAPOB», — A0dasun Ceprei Mnas
Kaheapbl TEOPETUYECKON MHDOPMATHKN MEXAHUKO-MATEMATUYECKOro axynsTeTa MIY.

yHO CTPOWTL HOBbLIE KOHBEMEPE! TANAHTOB, CO3AaTh HOBbIE 0DPa20BaTENLHEIE MPOrPaMMEl, A TAIOKE B

DKHO YNyywwaTs kak STEM-
AOUeHT

Corpyanuku HOL MY «Moar, KOrHUTUBHbIE CUCTEMbI, UCKYCCTBEHHLIN MHTENMEKT» ONWUCANKU NOAXOA K NOAroToBKE cneuuanucTos no U
OCHOBHbIX HANPABNEHWIA: YYSHBIN NO AaHHLIM, MHXEHEP N0 AaHHEIM, AaHANUTUK 43HHEE U MHXEHEeP-NporpaMmMucT. Kpome Toro, aeTopsl
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